I. Introduction
===============

Medical errors in hospitals and clinics are not rare and may cause severe harm to patients \[[@B1]\]. While Bates et al. \[[@B2]\] reported that medical errors cause more than one million injuries in United States hospitals every year, Bosman \[[@B3]\] reported 1.7 medical errors per patient. Furthermore, medical errors are one of the top ten causes of mortality \[[@B4]\]. Blendon et al. \[[@B5]\] reported that the mortality rate due to medical errors is higher than the mortality rate as the result of accidents. Moreover, such errors impose huge costs on the health sector \[[@B6],[@B7]\].

1. Problem Statement
--------------------

Computerized physician order entry (CPOE) systems are one of the clinical information system (CIS) solutions implemented in hospitals to improve patient safety and reduce medical errors \[[@B8]\]. However, the results of the research in this area are mixed. While some studies have reported positive impacts on medical error reduction and patient safety \[[@B9],[@B10]\], other studies have shown that these systems do not always reduce medical errors, and they may even increase medical errors and mortality rates \[[@B3],[@B11]\]. Despite the importance of this issue, little knowledge is available about the factors leading to the reduction of medical errors by CPOE \[[@B12]\]. Indeed, the past research has mainly focussed on the overall impact of CPOE systems on the reduction of medical errors, which has recently motivated scholars to study the impact of CPOE design on the reduction of medical errors \[[@B13]\]. Hence, it is needed to study the CPOE features which lead to the reduction of medical errors.

Some previous studies \"have examined evidence of the impact of CPOE on medication errors, but have used highly variable definitions of error\" \[[@B14]\]. A major problem in past studies is that the measurement of error is often ambiguous, and more specifications are needed in this regard \[[@B14]\]. Moreover, in some studies, the distinction between prescription errors and other types of medical errors is not clear \[[@B14]\]. Thus, there is a need to study the impact of CPOE on specific prescribing errors rather than broadly termed medical errors.

There is another issue in this field regarding the research method used to study the impact of CPOE on positive care outcomes. It is argued that although some studies have reported that CPOE facilitates the reduction of errors, none of them have had sufficient rigor to show significant statistical findings \[[@B15]\]. Indeed, past attempts to measure the usability of information systems have had two shortcomings: they have either used qualitative research methods that restrict the generalization of the findings or they have not used a robust validated quantitative scale to assess usability \[[@B16]\]. In a recent study, Weir et al. \[[@B17]\] reviewed the quantitative studies that have researched the outcomes of CIS and concluded that \"none of the reviews provided usable quantitative data\" \[[@B17]\]. They suggested that future attempts should quantitatively evaluate the outcomes of CIS \[[@B17]\]. Therefore, a robust empirical study is needed to examine the impacts of CPOE usability on care outcomes, such as the reduction of errors. Besides, most of the past studies have collected data from a single hospital, which undermines the generalizability of their findings \[[@B14],[@B18]\], or they have used insufficient sample size for their analyses, which reduces the strength of their analyses and findings \[[@B7],[@B14],[@B19]\]. Therefore, data should be collected from sufficient sample size in multiple sites to increase the generalizability of the findings.

2. Objectives and Contribution
------------------------------

The aim of this research was to rigorously and quantitatively examine the influence of the use of CPOE on reduction of the prescribing errors. More specifically, this research was intended to answer the following questions using the quantitative research method:

1\) What is the influence of the quality of the information produced by the system on the reduction of medical staffs\' prescribing errors?2) Does the ease of use of a clinical information system lead to a reduction of users\' prescribing errors?3) Is the impact of user interface consistency and system error prevention features of CPOE on the reduction of prescribing errors, mediated by system ease of use positive and significant?

The results will improve our knowledge about usability attributes that can lead to the reduction of prescribing errors. Furthermore, since medical errors are one of the indexes of patient safety \[[@B20]\] and medical service quality \[[@B21]\], the results can ultimately assist us to improve patient safety and medical service quality by improving the CPOE usability features that significantly contribute to these outcomes.

Another contribution is that, since doctors are the second victims of medical errors due to emotional, legal and professional difficulties they face, assessing the extent to which CPOE can reduce their errors can contribute in a reduction of doctors\' negative work-related experiences.

Moreover, since this field lacks robust empirical research \[[@B15]-[@B18]\], the reliability and validity of previous analyses and the generalization of their findings are limited. The qualitative studies in this area are also restricted by the subjective perceptions and evaluations of the researchers in data collection and analysis which restrict the generalization of their findings \[[@B22]\]. Since this study collects data from a methodologically sufficient sample size, and applies a systematic multivariate data analyses process suggested by Hair et al. \[[@B23]\], its analyses and findings are more reliable, valid, rigorous, and generalizable. Furthermore, the scale developed and validated by this study can be used for future studies.

3. Theories and Hypotheses
--------------------------

Although system usability has been studied in numerous research papers, scholars have various opinions on how to define and measure system usability. Usability is a broad term that includes a variety of parameters (for instance see Zhang et al. \[[@B4]\], Oztekin et al. \[[@B10],[@B16]\], Maenpaa et al. \[[@B12]\], Corrao et al. \[[@B19]\], Joshi et al. \[[@B24]\], and Gonzalez et al. \[[@B22]\]). This implies that, despite the attention of researchers to study system usability, there is no consensus among researchers on how to measure usability. This research refers to system usability as the ease of use, information quality, consistency, and error prevention features of a system.

The theoretical basis for this research is the input-process-output model \[[@B25]\]. According to this model, to improve users\' performance (such as providing error-free medical services) as the result of using the CIS, the quality of the system features should be improved. Hence, it is hypothesized that:

H1: The ease of use of a CPOE positively reduces doctors\' prescribing errors.H2: The information quality produced by a CPOE positively reduces doctors\' medical errors.

Moreover, it seems that there are some relationships between usability features \[[@B26]\]. According to Davis \[[@B27]\], the determinants of system ease of use suggested in the technology acceptance model (TAM) should be found. According to TAM, the ease of use and usefulness of a technology are the determinants of users\' acceptance of a technology. However, the model (i.e., TAM) does not provide any insight into the factors that lead to the perceived ease of use of a technology. This gap has been identified by Davis \[[@B27]\], who called for more research in this regard. Some authors \[[@B28]-[@B30]\] suggest that system features are the determinants of system ease of use. Hence, it is suggested that:

H3: The consistency of a CPOE system positively leads to its ease of use.H4: The error prevention features of a CPOE system positively predicts its ease of use.

II. Methods
===========

This research employed a quantitative method using a self-administered survey. The target population included doctors who had at least 3 months of experience with CPOE systems. Except the demographic questions, other questions were formatted in a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree).

1. Self-Report Scale
--------------------

Using a self-report survey for this research is methodologically acceptable since it has been recognized and used by many researchers to measure the features and outcomes of information systems \[[@B7],[@B10],[@B31]\]. Furthermore, self-report scales can provide an important indicator of an information system\'s individual and organizational outcomes \[[@B32]\]. Conway and Lance \[[@B33]\] reviewed some previously published studies about self-report scales and concluded that using other methods of measurement such as secondary data and other-report measures are not methodologically or analytically superior to self-report measurements. Similarly, Fleenor et al. \[[@B34]\] stated that other-report scales are not necessarily more accurate than self-report measures. Furthermore, self-report scales may have the advantage of self-awareness of the participants \[[@B34]\]. Besides the quantitative studies, qualitative studies (such as those, using think aloud method) have also used self-report measures to study system features and system outcomes. These imply that other methods of measurement, such as using secondary data, are not methodologically or analytically superior to self-report scales. Therefore, using self-report evaluations of health professionals in this research provides reliable and valid insights for the researchers to conduct analysis and to discuss findings and their implications.

2. Questionnaire Development and Data Collection Process
--------------------------------------------------------

The questionnaire was developed after an analysis of the literature; as shown in [Table 1](#T1){ref-type="table"}, the questions were adopted and adapted from published sources. Also, the questionnaire was checked by five university professors and three practitioners, and their comments were applied. This ensured the content and face validity of the scale. Then, the questionnaire was tested in three stages, each with five respondents. At the end of each stage, the questions which needed revision were modified. At the end of the third stage, it was found that the questionnaire was clear, understandable and meaningful. The question items are presented in [Table 2](#T2){ref-type="table"}. After the pre-test stage, a purposive sampling method was used, and 240 questionnaires were distributed to the medical doctors working in 5 hospitals who had at least three months of experience with CPOE systems. After three months, 166 questionnaires usable for analysis were collected, indicating a response rate of 68.3%.

III. Results
============

As seen in [Table 3](#T3){ref-type="table"}, the majority of respondents were female. Moreover, it was found that the majority of the respondents were between 31-40 and 20-30 years old. It was also found that the majority of respondents had more than 9 years experience of working with computers in general, and 45.2% had more than 1 year experience with the CPOE system. The results also indicated that a majority of the respondents had practiced medicine for more than 5 years. These facts imply that the respondents had sufficient IT knowledge, experience with the CPOE system, and medical experience to understand the questionnaire.

The scale was tested for multivariate normality and, as shown in [Table 1](#T1){ref-type="table"}, it was found that the assumption of normality is violated for the variables ease of use and error reduction. Due to the lack of normality, the partial least square (PLS) path modelling technique-as the second generation of the multivariate analyses-should be used to analyse the relationships between the variables \[[@B35]\]. Therefore, SmartPLS2.0.M3 was used to analyze the data.

The reliability of the scale was examined by Cronbach\'s α and composite reliability (CR). As shown in [Table 1](#T1){ref-type="table"}, they exceeded 0.7 for all the variables. This implies that the scale has excellent reliability. The validity of the scale was examined by confirmatory factor analysis. As shown in [Table 2](#T2){ref-type="table"}, all the question items had a loading range from 0.76 to 0.90 (*p* \< 0.001). Moreover, it was observed that the Fornell and Larcker criterion had been met. It was also found that items loading on their corresponding factors were greater than their cross loadings. Also, the average variance extracted values for all the variables exceed 0.5. This confirms the convergent and discriminate validity of the scale.

As shown in [Figure 1](#F1){ref-type="fig"}, the results illustrated that relationships between CPOE user interface consistency (β = 0.415, *t* = 7.4, *p* \< 0.01), and error prevention (β = 0.300, *t* = 5.5, *p* \< 0.01) with ease of use are positive and significant. Ease of use (β = 0.293, *t* = 4.4, *p* \< 0.01) and information quality (β = 0.408, *t* = 5.4, *p* \< 0.01) of CPOE were also found to have positive significant influences on prescribing error reduction. These results are summarized in [Table 4](#T4){ref-type="table"}.

As shown in [Table 5](#T5){ref-type="table"}, 56% of the respondents believed that the system had reduced prescribing errors related to drug allergy. It was also found that 54.2% believed that using the system had reduced the likelihood of prescribing medicines which could have caused drug interaction. Also, 56.7% of the doctors believed that using the CPOE system had reduced the likelihood of drug dosing errors in their prescriptions. The results also indicated that 50% of the respondents maintained that the system had improved patient safety.

IV. Discussion
==============

This research empirically validated a model regarding the impacts of CPOE usability on the reduction of prescribing errors. The results validated and confirmed the suggestions of the scholars in this field. Zhang et al. \[[@B4]\] suggest that the clinical systems should be designed in such a way that they prevent errors in the first place. Whether the features of a CPOE can reduce prescribing errors needs to be verified. Our statistical analyses found that the ease of use of the CPOE reduces doctors\' prescribing errors. This is consistent with the conclusions of Khajouei et al. \[[@B42]\], who stated that doctors using a CPOE had a positive impression of ease of use and its influences on their efficiency and medication safety. This is because the ease of use of the CPOE reduces doctors\' mental and cognitive loads. Therefore, they can better concentrate on other aspects of their job, including diagnosis and prescribing processes. This leads to the reduction of their prescribing errors.

Moreover, past research has suggested that the ease of use of an information system is the result of some system features \[[@B40]\]. To validate this relationship, this paper empirically examined the influence of interface consistency and system error prevention on the ease of use. The results demonstrated that the consistency of the user interface across various screens and system error prevention features result in the ease of use of the system. Researchers have suggested that CPOE interface consistency \[[@B4],[@B10],[@B43]\] and error prevention \[[@B19]\] are important factors in the design of clinical systems. The results provide empirical support for the (indirect) effects of user interface consistency and error prevention via the ease of use of the system on the reduction of prescribing errors. The results imply that in order for healthcare managers to reduce prescribing errors in hospitals, improve patient safety, and deliver quality care services, they need to improve the user interface features of CPOE systems, such as ease of use, error prevention, and consistency.

Furthermore, this study found that information quality is the most significant antecedent of prescribing error reduction. This suggests that information specifications should meet the doctors\' requirements. Quality information should be accurate, relevant, and timely. The results imply that producing quality information is important in CPOE systems, which have been designed to improve the care output by obtaining and sharing patients\' information and making decisions based upon it. Decision making in healthcare is information intensive; therefore, the quality of information is an important factor in care. Indeed, effective care is dependent on acquiring and using high quality information \[[@B44]-[@B46]\]. Having access to quality information, doctors can efficiently prescribe suitable and effective medicine and medications for the patient. When the system provides quality information for doctors regarding the medical and health history of patients, as well as the effects of drugs on patients, it helps them avoid prescribing errors. For instance, if a doctor prescribes a dexamethasone ampoule for a patient who already has diabetes, the new prescribed medicine can have negative effects on the patient. However, by having access to quality information through CPOE regarding the past health history of the patient, the doctor will avoid prescribing such drugs for patients. Moreover, if a doctor prescribes certain medicines for a patient, the system can check the prescription content and warn the doctor by providing good quality information regarding any drug interactions or drug dosing errors existing in the prescription. This reduces the likelihood of prescribing errors and improves patient safety practices in hospitals. On the other hand, a CPOE system producing low quality information threatens patients\' safety due to doctors\' reliance on erroneous information of the system. This suggests that if the CPOE system does not provide good quality information to doctors, this may increase their prescribing errors and threatens patient safety. Therefore, to reduce prescribing errors, a CPOE system should be designed in such a way that it produces accurate, relevant, and timely information for doctors.

From a methodological point of view, this research applied advanced quantitative analysis techniques to ensure the reliability and validity of the scale as well as examining the hypotheses. This study is the first research that developed a reliable and valid scale to measure prescribing error reduction. The scale developed in this research can be used in future studies to empirically measure the impact of systems on the reduction of prescribing errors. Moreover, since this research collected data from a methodologically sufficient sample size, its findings are generalizable compared to the prior quantitative research, which had used small sample sizes.

Overall, the results suggest that CIS designers and developers need to incorporate user interface consistency, error prevention, ease of use, and quality information in the system to reduce the likelihood of prescribing errors occurring and, ultimately, improve patient safety and medical service quality. This is consistent with the findings of Kekre et al. \[[@B43]\] who found that the usability of a system plays an important role in its success or failure. They found that \"usability is the most important factor to end users\" \[[@B39]\]. Therefore, system designers and developers should focus on the improvement of system usability to ensure the success of the system \[[@B43]\], such as reduction of errors.

The authors acknowledge several limitations of this study. First, the reduction of medical errors by a system is not only influenced by the usability features incorporated in the research model of this paper; other system features might have a significant impact on the reduction of medical errors. Therefore, future studies need to consider the impacts of other system features on the reduction of prescribing errors. Furthermore, future studies need to examine more complex models and explore the inter-relations between the system features and their direct and indirect impact on the reduction of prescribing errors. Another limitation is that this study used self-report data, which limits the strength of the findings. Future attempts should collect and use objective data to test and validate the model. Moreover, future research should collect data from a variety of sources to cross validate the collected data and findings. This research examined the impact of system usability features on the reduction of prescribing errors, but it did not address the impact of such systems on other care outcomes, such as medical staff workload, decision making quality, communication, facilitation of care, etc. Another potential opportunity for research is that this paper tested the impacts of CPOE usability on the reduction of medical errors. Future research can use other CIS modules, such electronic health record systems, to validate the model. Also, this research did not measure the influence of doctors\' IT knowledge, experience/familiarity with CPOE systems, and medical experience on the effectiveness of their use of CPOE systems in relation to prescribing errors.

No potential conflict of interest relevant to this article was reported.
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SD: standard deviation, CR: composite reliability, AVE: average variance extracted.
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VIF: variance inflation factor.
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CPOE: computerized physician order entry.
